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Increasing number of scientists have been studying the dynamical properties of matter. The development of picosecond and femtosecond spectroscopies has brought much information with higher time resolution. Since the first demonstration of the generation of picosecond light pulses using passively mode-locked ruby laser in 1965 [1] , continuous efforts to get shorter pulses have been made, and optical pulses as short as 8 fs were obtained [2a] by the method of pulse compression of the output from a group-velocity-dispersion-compensated collidingpulse mode-locked laser. Very recently the shortest pulse of 6 fs was obtained by the compression method using a prism pair and a grating pair for the compensation of both second-and third-order group velocity dispersion [2b] . Time-resolved coherent and conventional spectroscopies have been applied to several systems including semiconductors and dye molecules using ultrashort light pulses with pulse width of a few tens to a hundred femtoseconds.
However, there are several difficulties and disadvantages in the study of the ultrafast phenomena using such short pulses : i) laser systems for the generation of ultrashort pulses applicable to spectroscopies are necessarily very expensive and complicated. ii) The wavelengths of laser pulses with pulse width shorter than a few hundred femtoseconds are usually limited in the region around 615-625 nm because of the lack of appropriate combination of saturable absorber and gain medium, and the tunability of each laser is generally poor (usually less than 10 nm). iii) It is difficult to avoid broadening of an ultrashort pulse due to linear and/or nonlinear dispersion in optics such as lenses, filters, and samples because of its broad power spectrum.
Recently a new spectroscopic technique with incoherent light utilizing coherent transient optical effects has been proposed and its applicability to actual material systems was verified experimentally [3] [4] [5] [6] [7] . Since ordinary electronic devices do not have subpicosecond or femtosecond time resolution, optical experiments using that time region are usually performed using nonlinear optical phenomena. In these methods, the signal light generated or modulated by nonlinear optical effects is detected for the measurement of response of matter, using the correlation between excitation and probe light beams. In typical experimental systems, an optical pulse is split into two beams, and they are coupled to each other in a sample after passing through variable and fixed optical delay lines, and the intensity of signal or probe light is measured as a function of the delay time. Generally the signal intensity is expressed by the time integration of functions of the field amplitude (or intensity) and the response function of the matter.
In the studies of the dynamics taking place in matter, therefore, the time resolution is expected to be determined by the correlation time instead of the pulse duration. According to this principle, extreme-ly high time resolution can be much more easily obtained by using light with a short enough correlation time. The applicability of this principle to ultrafast process studies has been verified for the dephasing time measurement by degenerate fourwave mixing (DFWM) spectroscopy [3] [4] [5] [6] [7] [8] .
In the first part of this article, we describe the study of dephasing in a polydiacetylene film measured by spatial-parametric-mixing type DFWM (or sometimes called forward DFWM) [9] . Dephasing times in a polydiacetylene (poly-3BCMU) film were resolved for the first time at two wavelengths by DFWM using incoherent light. The [11] [12] [13] , where a pair of picosecond pulses excites a vibrational system coherently and a second pulse of the higher frequency probes the coherence of the system after a certain delay time. The information about the dephasing dynamics of the system can be obtained by the dependence of the coherent Raman scattering intensity on the delay time.
We studied theoretically a possible application of the principle that the correlation time determines the resolution time, to transient coherent Raman spectroscopy. Theoretical derivation of the delaytime dependence of the coherent Raman intensity, and the experimental demonstration of the determination of the dephasing time of the 2915-cm-1 mode in dimethylsulfoxide are described in the second part [14] .
In the last part of this article, we describe the time-resolved study of the relaxation times of the third-order susceptibility for the optical Kerr effect in CS2 and nitrobenzene performed by the phaseconjugation-type DFWM using 5-ns pulses from a broad-band laser [15] . In the case of CS2 we determined both subpicosecond (about 0.2 ps) and picosecond (about 2 ps) relaxation times for the susceptibility-tensor element of ~(3)xyyx and also for (3) [16] [17] [18] [19] [20] [21] . The excited state lifetime of soluble PDA (3 KAU) was found to be 9 ± 3 ps in aqueous solution [16] and that of PTS to be about 2 ps in crystalline phase [17] .
Knowledge of the dephasing dynamics of PDAs is of great importance not only to elucidate the properties of excited states and the mechanism of the optical nonlinearity but also for various applications such as optical switching and optical signal processing. DFWM was applied to the dephasing time measurement [22] [23] [24] , but dephasing times have not been resolved so far. Dennis et al. [22] observed DFWM from two PDA (2 d and 2 j) solutions with 180 ps pulses, but the response times were much shorter than their resolution time. Carter et al. [23] observed DFWM from a PDA (PTS) crystal with 6 ps pulses, and the response time was again shorter than 6 ps. Rao et al. [24] performed similar measurements on a PDA (poly-4BCMU) film with 500 fs pulses, but they could not resolve the dephasing time either.
In this study, we applied DFWM with incoherent light to the measurement of the dephasing times in a film of a PDA, poly [4,6- figure 1 [7] . Since Figure 3 shows the data which were obtained with the two excitation beams under parallel polarization condition. Background signal due to scattering of the excitation beams (about a few percent of the peak signal intensity) was subtracted from the data. No peak shift or tail was observed. The signal with parallel polarizations was about thirty times more intense than with perpendicular polarizations, and it can be attributed almost exclusively to a thermal grating, which is generated only when mutual coherence between the two excitation beams exists [10] .
The contribution of the thermal grating to the DFWM signals is eliminated under perpendicular polarization, and hence we can obtain electronic DFWM signals [7] , which are shbwn in figure 4 , [7, 10] . Using equation (1) We would like to mention here the effect of the width of the inhomogeneous broadening on the magnitude of the peak separation. Equation (1) respectively. Therefore, it can be concluded that the dephasing time for 648 nm has some ambiguity, but it is considerably shorter than for 582 nm. The result that the dephasing time at a longer wavelength is shorter than that at a shorter wavelength is contrary to those of previous studies [7, 10] . A larger peak separation was reported at a longer wavelength than at a shorter wavelength with cresyl fast violet in cellulose, and was explained in terms of the difference in the intramolecular relaxation rate at the two wavelengths [7] . Dephasing time measurements of three dyes, cresyl violet, Nile blue, and oxazine 720, in polymethylmethacrylate (PMMA) at 15 K at 620 nm were also reported [10] .
The peak separation for cresyl violet was 60 fs, whereas for the other two dyes shifts were shorter than 20 fs. The difference in the dephasing times was attributed to that in the excess photon energy of the excitation light from the absorption edge of each sample.
The present sample is a polymeric film which has a quasi-one-dimensional structure and electronic properties different from ordinary dyes [25, 26] . It is known that poly-3BCMU in solution has three forms with different absorption spectra. They are blue (B), red (R), and yellow (Y) forms [25] . The In the present experiment, the wavelength of 648 nm is on the absorption edge of the rod-like form exciton, while that of 582 nm is also on resonance with the exciton in polymer chains with shorter conjugation lengths. Therefore, from the present results on the dephasing times at the two wavelengths, it can be concluded that the exciton dephasing is several times faster in the rod-like form than in a chain with a shorter conjugation length.
The present result may be explained by the following two mechanisms. One explanation is that excitons are more mobile and the phases of them are changed more often in longer conjugated chains thwi shorter ones, where excitons do not move over long distances. The other explanation is that exciton levels lie more ,closely in longer conjugated chains than in shorter conjugated chains, and therefore, dephasing due to multilevel excitation is faster [10] .
We cannot determine which is the case only from the present data. An extended study at other wavelengths and temperatures is in progress.
It has been reported that the fluorescence intensities are suppressed when the solution of poly-3BCMU is converted from a yellow (coil-like) form to a blue (rod-like) form, and whem the solution of PDA (poly-4BCMU) is converted from the coil form to the rod form [25] . It is also reported that only partially polymerized crystal of PDA (PTS) emits fluorescence [27] . Our results are consistent with the explanation [25, 27] A simple model of a three-level system (see Fig. 6 ) is usually taken for theoretical considerations of coherent Raman phenomena [28, 29] . Two [12] . The intensity ratio between the peak and the tail extrapolated to td = 0 is about seven, which is also in good agreement with the theoretically expected ratio for the values of T2 (1.4 ps) and the correlation time (100 fs) determined above. [31, 32] . Raman echo [28] can provide the information about the dephasing dynamics without the ambiguities [29] . However, it is a higher-order (seventh-order) process, and the detection of the signal is very difficult. Raman echo experiments have been carried out in solids [33] , gases [34, 35] , and liquid nitrogen [36] , but not yet in liquids at room temperature.
The following type of Raman echo experiment may be feasible with incoherent light (see Fig. 9 ). [41] .
In this article we report for the first time the timeresolved optical phase conjugation in Kerr liquids, CS2 and nitrobenzene, using incoherent light. The subpicosecond (about 0.2 ps) and the picosecond (about 2 ps) relaxation times were observed in CS,. The details of the experimental procedure and results obtained by the time-resolved phase conjugation in CS2 and nitrobenzene are presented in the following. 4 .1 EXPERIMENTAL. -The experimental set-up used for the measurements of the phase-conjugate signal in both Kerr liquids is shown in figure 10 . The incoherent light source was similar to that used in the experiment on PDA except that the excitation source was an excimer laser. Rhodamine 560 (Rh 560) in methanol or rhodamine 640 (Rh 640) in ethanol was used as the laser dye both in the oscillator and the amplifier. The peak wavelength was 553 nm and the width (FWHM) of the spectrum was 5.5 nm for Rh 560, and they were 623 nm and 5.0 nm for Rh 640. The duration of the output pulses was 5 ns, which was much longer than any other time scales treated in this study. The pulse does not have fine structures which exhibit fast intensity change takes place. [44] , and the autocorrelation function of the field decays exponentially :
The incoherent light utilized in experiments may not have the characteristic expressed in equation (7), but the signal intensity calculated under the assumption is expected to offer a good approximate value in the delay-time region longer than r,. Furthermore, we neglect the two-photon resonance contribution to the nonlinear susceptibility.
Using these relations we can obtain the delay-time dependence of the signal intensity as with The first term of equation (8) (8) and (9) 
